suMMARY The normal fetal heart shows variation in rate and rhythm. Twenty three cases that fell outside the normal patterns of variation of heart rate and rhythm were evaluated by echocardiography. Ten showed atrial or ventricular extrasystoles and these were not associated with perinatal morbidity or mortality. Seven cases showed complete heart block, two in association with structural cardiac abnormality. Six cases were of supraventricular tachycardia, five of which were successfully treated and one was delivered prematurely. It was possible to diagnose accurately the type of arrhythmia using the M-mode echocardiogram to compare the relation between atrial and ventricular contraction. Cross-sectional echocardiography allowed identification of associated structural abnormalities. Recognition that an arrhythmia is present and appropriate prenatal treatment if this is indicated will avoid unnecessary operative or premature deliveries.
suMMARY The normal fetal heart shows variation in rate and rhythm. Twenty three cases that fell outside the normal patterns of variation of heart rate and rhythm were evaluated by echocardiography. Ten showed atrial or ventricular extrasystoles and these were not associated with perinatal morbidity or mortality. Seven cases showed complete heart block, two in association with structural cardiac abnormality. Six cases were of supraventricular tachycardia, five of which were successfully treated and one was delivered prematurely. It was possible to diagnose accurately the type of arrhythmia using the M-mode echocardiogram to compare the relation between atrial and ventricular contraction. Cross-sectional echocardiography allowed identification of associated structural abnormalities. Recognition that an arrhythmia is present and appropriate prenatal treatment if this is indicated will avoid unnecessary operative or premature deliveries.
Variations in fetal heart rate and rhythm are noticed with greater frequency as the use of cardiotachography and ultrasonography increases in routine obstetric practice. The development of a specialised interest in fetal echocardiography has led to the referral for assessment of cases demonstrating such variations. We report the findings in 23 cases of fetal arrhythmia and describe the method of their evaluation.
The prognosis in each case of an arrhythmia is governed by the type of arrhythmia, the association with structural cardiac anomaly, or the coexistence of intrauterine cardiac failure.I The identification of normal cardiac anatomy and of structural malformations in prenatal life have been described by several authors.2 Intrauterine cardiac failure, or nonimmune hydrops fetalis, has been observed in association with fetal arrhythmias.56 The degree of cardiac failure has been shown to respond to control of a tachycardia in prenatal life. heart rhythm. In all cases the arrhytimia had been noted on more than one occasion.
Results
An arrhythmia was judged to be present when the 241 heart rate or rhythm was outside the normal patterns of variation. These normal patterns have been reported in mid-trimester fetuses'1 and in preterm infants. I 1 They were also observed in our own echocardiographic study of 750 normal fetuses. The normal fetal heart rate is 140±20 beats per minute at around 20 weeks' gestation, falling to 130± 20 beats per minute towards term. Normal variations in heart rate include episodes of bradycardia with heart rates of 70 to 100 beats per minute which last only three to four seconds. These episodes are often associated with fetal movement, are more common in the midtrimester, and decrease in frequency with advancing gestational age. In addition, short episodes of acceleration occur, with heart rates of between 160 and 180 beats per minute. These increase in frequency as pregnancy advances. Occasional atrial and ventricular extrasystoles causing irregular rhythms have also been described in up to 10% of fetuses and are thought to be part of normal variation.1' 12 When extrasystoles were frequent, however, this was thought to merit assessment. Thus we considered that only a sustained bradycardia of less than 100 beats a minute, a sustained tachycardia of more than 200 beats a minute, or frequent, more than one in 10, irregular beats constituted an arrhythmia to be analysed. The 23 cases presented here all fulfilled these criteria.
IRREGULAR FETAL HEART RHYTHM
Ten patients were referred in whom an irregular fetal heart rhythm had been shown by cardiotachography or real-time ultrasonography on more than one occasion. All the patients were in the last 10 weeks of pregnancy; in one case the irregularity was noticed during labour. One mother had uncontrolled maternal diabetes and the fetal rhythm disturbance decreased once adequate diabetic control was achieved. All the patients had frequent atrial and/or ventricular extrasystoles, at least one extrasystole occurring in every 10 beats. In one case the ventricular premature beat followed each sinus beat. Fig. 2 shows the echocardiographic findings in one case. There is an atrial and ventricular extrasystole recorded on this tracing. One wall motion inferiorly. Thefirst premature ventricular contraction is seen to be associated with atrial contraction whereas the second premature ventricular contraction is unassociated with atrial wall motion. Thefirst premature contraction is presumably therefore ofatrial origin, whereas the second is presumably ofventricular origin and does not cause retrograde contraction of the atria.
before (eight cases) or just after delivery (two cases). All cases are alive and well after a minimum of six months follow up.
COMPLETE HEART BLOCK Seven cases were referred because the fetal heart rate had been repeatedly recorded below 100 beats a minute. Two were associated with structural cardiac malformations. Both cases had left atrial isomerism and an atrioventricular septal defect. One case also had an interrupted aortic arch while the second had double outlet right ventricle and pulmonary stenosis. Despite the demonstration of the cardiac malformation and of complete heart block, a caesarian section was performed in the second case because of the slow fetal heart rate. In the other case the bradycardia had first been noticed before 12 weeks' gestational age. The five remaining cases had anatomically normal hearts echocardiographically, but three mothers had clinical or serological evidence of connectivc tissue disease. One case had severe clinical Sjogren's syndrome with serological confirmation; the other two cases had positive antinuclear and rheumatoid factors. Fig. 3 illustrates one of these cases and shows the atrial contraction to be approximately twice the ventricular rate, as evidenced by aortic valve opening. In all seven infants the heart rate was persistently in the range of 60 to 80 beats a minute, and the echocardiogram was diagnostic and similar to that shown in Fig.  3 . Isolated heart block had a good prognosis. group.bmj.com on June 16, 2017 -Published by http://heart.bmj.com/ Downloaded from It is possible to differentiate extrasystoles into those of atrial and those of ventricular origin. That extrasystoles occur in fetal life is well documented though their incidence varies from series to series. 12 13 Extrasystoles are not associated with fetal hypoxia, distress, or an adverse perinatal outcome.14 Differentiation of these from more severe arrhythmias is important and can be accomplished by the present technique.
Complete heart block is readily recognisable echocardiographically and has been diagnosed as early as 19 weeks of gestation. The necessity for accurate diagnosis of complete heart block is emphasised as this arrhythmia may be misinterpreted as fetal distress and, as happened in one case early in the series, a caesarian section may be performed unnecessarily. Furthermore, the presence of complete heart block should alert the echocardiographer to the possibility of serious structural heart disease, which was present in one third of our patients. It should also raise the question of connective tissue disease, such as systemic lupus erythematosis, in the mother.
Supraventricular tachycardias can be recognised and differentiated from other tachycardias. It is possible to treat atrial flutter and other supraventricular tachycardias in the fetus1s 16 Accurate diagnosis of the presence and type of an arrhythmia is possible in the fetus. Echocardiographic examination allows this and also allows associated cardiac malformations to be diagnosed or excluded. Recognition of the arrhythmia and early treatment are essential if unnecessary operative or premature deliveries are to be avoided.
